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Asking more from wind and solar power

Kory Hedman, Program Director



Electric Power Sector Products

Today Renewables: 15%
of all Electric
Energy

Goals: >50%
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Challenge: Renewable Variability

The duck curve shows steep ramping needs and overgeneration risk

Mo\xo Sample Net Load — March 31, 2012
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Challenge: Renewable Variability and Uncertainty

Tehachapi Wind Generation in April — 2005

7% ma‘e\ q o5

Could you predict the energy production for this wind park
either day-ahead or 5 hours in advance?

Each Day is a different color.

Day 29
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Challenge: Renewable Variability and Uncertainty

The duck curve shows steep ramping needs and overgeneration risk

Sample Net Load — March 31, 2012

Could you predict the energy production for this wind park

26,000 either day-ahead or 5 hours in advance?

Each Day is a different color.

(from the California Independent System Operator)
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Wind and solar have crossed a tipping point

Onshore wind Solar Offshore wind

© Sarah Swenty/USFWS

Median cost: 4.5 ¢/kWh Median cost: 4.5 ¢/kWh European bids now at ~5 ¢/kWh
Best regions: 3.0 ¢/kWh Best regions: 3.5 ¢/kWh
QrpPQ-@ All costs are without subsidies. )

CHANGING WHAT'S POSSIBLE Lazard’s Levelized Cost of Energy Analysis — Version 11, 2017, https://www.ft.com/content/f5b164a6-20f8-11e7-b7d3-163f5a7f229¢c



Energy and Ancillary Services
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Electric Power Sector Products and Revenue

Today Future
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Ongoing ARPA-E Program

TRANSFORMER CUSTOMER

Industrial Load
Bulk DR (hour-day)
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Net-Load

Bulk Renewables Utilize active Net-Load Control to
Curtailment ) . .
provide low-cost ancillary services at
different time-scales
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Management Systems / Decision Support Tools

Stochastic
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Uncertainty
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Areas for Innovatlon
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We seek your feedback and input!

Kory W. Hedman

Program Director

Advanced Research Projects Agency — Energy (ARPA-E)
U.S. Department of Energy

Kory.Hedman@hqg.doe.gov
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